Background: Cytokeratins with epitopes in common with those of alpha (acidic and basic) mammalian keratins have been immunohistochemically demonstrated in the epidermis of reptiles. However, there are no reports of immunohistochemical staining patterns of alpha-keratins in other tissues from reptiles. Because the epithelial tumours usually retain the keratin patterns of their normal epithelial origin, it is necessary to know in advance these patterns in the major normal epithelia and organs. We used anti-alpha human keratin AE1 and AE3 monoclonal antibodies to study the staining patterns of alpha-keratins in the major normal epithelia and organs from two reptile species [the bearded dragon (Pogona vitticeps) and the loggerhead sea turtle (Caretta caretta)]. We also studied the immunolocalization of alphakeratins in squamous cell carcinomas (SCCs) in a bearded dragon and two loggerhead turtles. Results: Acidic alpha-keratin (AE1 positive) was detected in many of the epithelial tissues of the bearded dragons; however, the detection of basic alpha-keratin (AE3 positive) was much more limited. Alpha-keratins were detected in a greater number of tissues of loggerhead turtles compared with those observed in bearded dragons. In the bearded dragon SCC, all layers of the nests of neoplastic cells, including the cornified layer of the keratin pearls, were strongly reactive with the AE1 antibody. However, a weak reactivity using the AE3 antibody was detected in the basal and intermediate layers of these nests. In the cutaneous SCCs of both sea turtles, acidic alpha-keratin was detected in the basal and suprabasal layers, and in all of the invasive neoplastic cords, while basic alpha-keratin was mainly detected in the invasive neoplastic cords. The pattern observed in the metastases in both turtles consisted of immunohistological detection of acidic alpha-keratin in all metastatic foci, and limited or lack of detection of basic alpha-keratin. Conclusions: This study provides, for the first time, information about the immunohistochemical staining patterns of alpha-keratins in normal tissues from bearded dragons and loggerhead sea turtles, and confirms the usefulness of AE1 and AE3 monoclonal antibodies in these reptile species. The use of these antibodies also contributed to a better characterization of SCCs in these species.
Background
Alpha keratins are typical intermediate filaments of epithelia in mammals. They are formed by pairing of type I (acidic) and type II (basic) molecules and are expressed in highly specific patterns related to the epithelial type and stage of cellular differentiation [1] . Epithelial tumours, including metastases, most widely retain the keratin patterns of their (normal) epithelial origin; thus, the determination of the keratin patterns of tumours is essential for cell and tumour typing [1] . Immunohistochemistry is a valuable tool for the detection of cytokeratins in normal tissues from mammals [2] [3] [4] and also for the accurate diagnosis of numerous epithelial tumours in mammals [5] [6] [7] [8] and birds [9, 10] .
Cytokeratins with epitopes in common with those of acidic and basic mammalian keratins are also present in the epidermis of reptiles [11] . In fact, use of immunocytochemistry for studying the keratinization of soft and hard epidermis using the broadly characterized anti-alpha human keratin AE1, AE2, and AE3 antibodies has been reported in chelonians [12, 13] , lizards [14, 15] , snakes [16] , crocodilians [17] , and the tuatara [11] . However, there are no reports of immunohistochemical staining patterns of alpha-keratins in other normal tissues and organs from reptiles.
Squamous cell carcinoma (SCC) is a malignant tumour with low overall prevalence in reptiles [18] [19] [20] [21] . SCC has been reported in several species of reptiles, including snakes [20, [22] [23] [24] , lizards [18, 20, 21, 25] , chelonians [20, 26, 27] , crocodilians [28] , and the tuatara (Sphenodon punctatus) [29] . Metastases have been rarely reported [20, 22, 26, 28] .
SCC diagnosis in reptiles is based mainly on the histological characteristics [18, 19, 21] . Immunohistochemical characterization of neoplastic cells in reptiles has been reported rarely due to the lack of cross-reactive commercial antibodies [30] [31] [32] [33] . In fact, the only attempt to characterize SCCs in reptiles failed [26] .
The aims of this study were a) to describe the immunohistochemical staining patterns of alpha-keratins in the major normal epithelia and organs from two reptile species [the bearded dragon (Pogona vitticeps) and the loggerhead sea turtle (Caretta caretta)], and b) to document the immunolocalization of alpha-keratins in SCCs in these species to contribute to a better characterization of these tumours.
Methods

Samples
Normal tissues and organs (Table 1 ) from four bearded dragons and six loggerhead turtles were used; animals had died due to different diseases and only tissues without lesions were selected. Loggerhead turtles were submitted from the Tafira Wildlife Rehabilitation Centre (TWRC) in 1998, 2005, 2009, 2013, 2016, and 2017 . Five turtles had stranded at different points on the coast of Gran Canaria Island and a turtle had been found stranded dead in Fuerteventura Island. The turtles stranded in Gran Canaria died during the stay at the TWRC and necropsies were performed 4-24 h after death. The necropsy of the turtle stranded in Fuerteventura was performed 24 h after finding. Selected bearded dragons were submitted from two different private collections in 2005, 2008, 2011, and 2014 ; tissue samples were taken 12-24 h after death. The samples from both reptile species were fixed during 24-36 h. Three SCCs were also included: the first one was a SCC diagnosed in 2014 in a two-years-old male bearded dragon after surgical removal of a mass on the lower periorbital region of the left eye; the tumour consisted of nests of neoplastic epithelial cells with stratified squamous differentiation and numerous keratin pearls. The neoplastic cells were noted to have moderate anisokaryosis. The mitotic count was approximately 1 to 2 per high-power field. No vascular invasion was noted in the sections examined. The histological characteristics of the SCCs diagnosed in the two loggerhead turtles were previously reported [26] . Briefly, the first turtle showed a multiple well-differentiated cutaneous SCC with metastases to the ventricular myocardium, lungs, and kidneys, and the second turtle showed a poorly differentiated cutaneous SCC with metastases to heart, lungs, kidneys, spleen, liver, and muscle tissue.
Immunohistochemistry
Immunohistochemistry was performed on formalin-fixed and paraffin wax-embedded tissue samples. Sequential 3 μm sections were dewaxed in xylene and digested with a solution of 0.05% protease type XIV (P-5147; Sigma-Aldrich, Munich, Germany) for five min at 37°C for antigen retrieval. The sections were then incubated with peroxidase-blocking solution (S2001; Dako, Carpinteria, California, USA) for 10 min and washed three times in phosphate-buffered saline with Tween-20 (PBST). The anti-alpha-keratin type I (acidic) mouse monoclonal (IgG 1 isotype) AE1 antibody (#61804; Progen Biotechnik, Heidelberg, Germany) was applied at 0.002 mg/mL (dilution 1:500), the anti-alpha-keratin type II (basic) mouse monoclonal (IgG 1 isotype) AE3 antibody (#61806; Progen Biotechnik, Heidelberg, Germany) was applied at 0.001 mg/mL (dilution 1:1000), and all samples were incubated overnight at room temperature. Visualisation of bound primary antibody was carried out using the Dako EnVision+ (K4001; Dako, Carpinteria, California, USA) for 60 min, and the diaminobenzidine Substrate-Chromogen System (K3466; Dako, Carpinteria, California, USA), with three changes of PBST between each step. Slides were counterstained with Harris haematoxylin (Fisher Scientific, Loughborough, UK), dehydrated, cleared, and covered with a coverslip. Normal skin samples from dog and cat origin were used as positive controls. Negative controls consisted of a) omitting the primary antibody, and b) replacing the primary antibodies with the anti-glial fibrillary acidic protein mouse monoclonal (IgG 1 isotype) antibody (#G-3893; Sigma, Saint Gastric mucosa (n = 4/6) 
Reactivity was judged as intense (+++), moderate (++), weak (+), negative (−), or variable (weak/negative) (+/−), respectively ND not done due to lack of samples NA not applicable (the species does not have this organ Reactivity in all layers of the epithelium (except in the cornified layer) but more intense in the suprabasal cells f Reactivity was detected in the majority of the epithelial cells, but some cells were negative g Intense reactivity in the peripheral secretory acini and weak reactivity in the others Louis, Missouri) at identical dilutions, on normal skin samples from both reptile species and dog. Each slide was examined microscopically for evidence of reactivity of the primary antisera. A score of (+ + +) was used to indicate intense reactivity, (+ +) for moderate reactivity, (+) for weak reactivity, and (−) for no reactivity.
Results
The results of the immunohistochemical study for detection of acidic alpha-keratin (AE1 positive) and basic alpha-keratin (AE3 positive) in normal tissues from the reptile species investigated are given in Table 1 . Immunoreaction was not observed in the negative controls in any of the studies. Both antibodies presented a similar pattern of intracytoplasmic immunostaining characterized by a predominantly diffuse and homogeneously distributed reaction. Apical or peripheral membranous immunolabelling was occasionally enhanced. Regarding the normal tissues collected from bearded dragons, the most intense reactivity using the monoclonal anti-alpha human keratin AE1 antibody was limited to the inner cornified (alpha-layer) and pre-cornified layers of the epidermis and the epithelial linings of the small intestine and the biliary ducts; a moderate reactivity was observed in the gastric mucosa (surface epithelium), hepatocytes, respiratory epithelia, and the renal distal tubular cells (Fig. 1) . Reactivity using the monoclonal anti-alpha human keratin AE3 antibody was only detected in the basal, suprabasal and pre-cornified layers of the epidermis and it was week (Fig. 1b) . Acidic alpha-keratin (AE1 positive) and basic alpha-keratin (AE3 positive) were detected in a greater number of tissues of loggerhead turtles compared with those observed in bearded dragons. The most intense reactivity using the AE1 antibody was observed in the basal and suprabasal cells of the epidermis, lingual epithelium and oesophageal epithelium, and in the epithelial linings of the stomach, small intestine, biliary ducts, trachea, lung, kidney (with the exception of the proximal tubules), and salt glands (particularly in the peripheral secretory units and ducts) (Fig. 2 ). An intense reactivity using the AE3 antibody was detected in the suprabasal cells of the epidermis (Fig. 2b) , the basal and suprabasal cells of the oesophageal epithelium (Fig. 2d) , the renal distal tubules (Fig. 2k ) and collecting ducts, and the ductal epithelium of the salt glands. A weak reactivity using the AE3 antibody was observed in some vascular endothelial cells (Fig. 2d) .
In the bearded dragon SCC, all layers of the nests of neoplastic cells, including the cornified layer of the keratin pearls, were strongly reactive with the AE1 antibody ( Table 2 , Fig. 3a) . In contrast, using the AE3 antibody a weak reactivity was detected in the basal and intermediate layers of the nests of neoplastic cells, and no reactivity was observed in the Fig. 1 Immunohistochemical detection of acidic alpha-keratin (AE1 positive) (a, c-f) and basic alpha-keratin (AE3 positive) (b) in normal tissues from bearded dragons (Pogona vitticeps). a Epidermis; note the intense immunoreactivity detected in the inner cornified layer (alpha-layer) (bold arrow); note also the intracytoplasmic immunoreactivity in some suprabasal cells incorporated into the alpha-layer (thin arrows). Bar = 40 μm. b Epidermis; note the weak immunoreactivity detected in all layers except the cornified layer. Bar = 60 μm. c Gastric mucosa showing moderate immunoreactivity in the surface epithelium; only some gastric glands (arrows) showed immunoreactivity. Bar = 120 μm. d Small intestine epithelium showing intense immunoreactivity. Bar = 120 μm. e Liver; note the moderate immunoreactivity in the hepatocytes (thin arrows) and the intense immunoreactivity in a biliary duct (bold arrow). Bar = 40 μm. f Lung; moderate immunoreactivity in the respiratory epithelia, included the faveolar epithelium (arrows). Bar = 120 μm. Dako EnVision+ System, Harris haematoxylin counterstain cornified layer of the keratin pearls (Fig. 3b) . Adjacent areas of normal epidermis showed a similar pattern to that reported for the epidermis in the study on normal tissues.
In the cutaneous SCCs of both sea turtles, acidic alpha-keratin (AE1 positive) was detected in the basal and suprabasal layers, and in all of the invasive neoplastic cords ( Table 2, Fig. 4a) ; the most intense reactivity using the AE3 antibody was observed in the invasive neoplastic cords detected in the dermis (Fig. 4b) . Adjacent areas of normal epidermis showed a similar pattern to that reported for the epidermis in the study on normal tissues.
Acidic alpha-keratin (AE1 positive) was detected in all of the metastases in the myocardium from both turtles (Fig. 5a) , whereas basic alpha-keratin (AE3 positive) was only detected in a few metastases in the myocardium of the first turtle. These few metastases were the biggest metastatic foci, and immunoreactivity was limited to suprabasal and pre-cornified layers (Fig. 5b) . Similarly, acidic alpha-keratin (AE1 positive) was detected in all the lung metastases from both turtles (Fig. 6a) . Basic alpha-keratin (AE3 positive) was detected in a few metastases in the first turtle's lung, mainly in some foci showing stratified squamous differentiation (Fig. 6b) . A similar pattern was detected in the kidney metastases.
All of the small metastatic foci in the spleen from the second turtle showed intense immunoreactivity against acidic alpha-keratin; however, no basic alpha-keratin was detected immunohistologically. A pattern similar to that observed in the spleen was detected in the second turtle's liver and muscle tissue metastases.
Discussion
This study provides a catalogue of tissues and cells from bearded dragons and loggerhead sea turtles labelled by anti-alpha human keratin AE1 and AE3 antibodies. In bearded dragons, acidic alpha-keratin (AE1 positive) was detected (with different intensities) in many of the normal epithelial tissues studied; however, detection of basic alpha-keratin (AE3 positive) was much more limited. Reactivity using the AE1 antibody in the normal tissues from loggerhead sea turtles was generally more intense than that observed in tissues from bearded dragons. The labelling using the AE3 antibody was more limited, although basic alpha-keratin (AE3 positive) was detected in a greater number of tissues compared with those observed in bearded dragons. The differences observed between these two species can be attributed to the fact that they belong to different taxonomic orders (Squamata for the bearded dragon, and Testudines for the loggerhead sea turtle) [34] . In fact, different staining patterns using the anti-alpha human keratin AE1and AE3 antibodies in normal canine tissues compared to those observed in human tissues have also been reported [2] . According to the manufacturer's instructions, the anti-alpha human keratin (type I) AE1 antibody detects specifically the keratins K19, K16, K14 and most other acidic (type I) keratins, whereas the anti-alpha human keratin (type II) AE3 antibody represents an excellent marker for basic (type II) keratins K1-K8. The cell type and tissue distribution for all human keratins has been studied in depth [1] . However, despite recent advances in the study of keratins in domestic mammals [35] , knowledge about specific cell type and tissue distribution for all keratins in other animal species, particularly reptiles, is scarce.
The epidermis is undoubtedly the epithelial tissue most deeply studied in reptiles in terms of the expression of their different keratins [11] [12] [13] [14] [15] [16] [17] . Two main types of keratins, alpha and beta, have been described in the reptilian epidermis. Alpha-keratin bundles are formed by intermediate cytokeratin filaments that are derived from the association of one acidic to one basic cytokeratin. The alpha-keratin pattern is formed by 8-10 nm diameter electron-pale filaments among an electron-denser matrix material, resulting in pliable and stretchable mature alpha-keratinocytes. Beta-keratin is different as a result of different amino acidic sequences, which determine a beta-pleated conformation. The beta-keratin pattern is formed by 3-4 nm diameter electron-pale fibrils among a sparse matrix material that results in hard and inelastic mature corneocytes [15] . The distribution of both keratins in the reptilian epidermis varies according to the taxonomic order [36] . There are important differences in the histological structure of the epidermis between mammals and the different reptilian orders. In mammals, the epidermal cells are continuously produced in the basal layer, move suprabasally, keratinize, and are desquamated. In contrast, in lizards and snakes the epidermal cells are not continuously produced (shedding cycle), and an outer epidermal generation composed of six keratinized layers (oberhautchen, beta-, mesos, alpha-, lacunar, and clear) is formed. After shedding, only four keratinized layers (a new oberhautchen, beta-, mesos, and an incomplete alpha-layer) are recognised [14] . Therefore, four histological layers can be identified in the epidermis of lizards in this stage: an external beta-layer, an underlying alpha-layer, a few layers of living suprabasal cells and a basal layer [14] . In addition, it is also possible to detect how some of the suprabasal cells are added to the alpha-layer [14] . The microscopic structure of the soft epidermis of turtles is relatively simple and consists of a stratified, keratinized epithelium lacking a granular layer [12] . Crocodilian epidermis, similar to that of shell scutes in chelonians, consists of a stratified and hard epidermis [17] .
The distribution pattern of acidic alpha-keratin (AE1 positive) in the normal skin of the bearded dragons differed from what was reported for the normal resting stage epidermis of the Italian wall lizard (Podarcis sicula). The absence of reactivity in the basal and suprabasal cells in the bearded dragons could induce to doubt the specificity of the reaction observed in the cornified layer; however, some suprabasal cells incorporated into the alpha-layer were also labelled, and these cells are still transcriptionally active [14] . The question why the basal and inner suprabasal cells were not labelled should be object of further studies. Of note, this staining pattern was also observed in the normal skin from the bearded dragon with the SCC (in which, conversely, all layers of neoplastic cells showed intense immunoreactivity). In the Italian wall lizard, the AE1 antibody labelled the basal and suprabasal living cells, and the immunoreactivity decreased, or disappeared, in the external keratinized layers, mainly in the beta-layer [14] . In addition, some areas (the hinge regions between the scales) remained completely unlabelled with the AE1 antibody [14] . Alpha-keratin was also detected in the keratinized layer of the outer and inner scale surfaces of the normal epidermis of the Italian wall lizard, but it was labelled with the AE2 antibody [14] . The electrophoretic study suggested that in the Italian wall lizard, keratins with low molecular weight are produced in the lowermost layers, and their molecular weight (MW) increases in the upper layers. In the Italian wall lizard, the AE1 antibody recognised acidic cytokeratins with low (44-45 kDa) or intermediate MW (57-58 kDa); however, in mammals the AE1 antibody recognises acidic cytokeratins with MW of 50 kDa and 57-58 kDa [14] . There are no similar studies describing the distribution and molecular characteristics of cytokeratins in the epidermis of bearded dragons. Our results show that the AE1 antibody did not label the basal and inner suprabasal cells of the normal epidermis. However, the distribution pattern of basic alpha-keratin (AE3 positive) in the normal skin of the bearded dragons was similar to that described for the Italian wall lizard [14] .
The distribution pattern of alpha-keratins in the normal skin of the loggerhead sea turtles was very similar to that reported in the shelled and non-shelled epidermis of the painted turtle (Chrysemys picta). In that freshwater turtle species, the AE1 antibody labelled mostly the germinal layer, and the AE3 immunofluorescence was present in the suprabasal keratinizing, pre-cornified, and faintly in the cornified layer [12] .
Since keratins exhibit characteristic expression patterns in tumours, they have great importance in immunohistochemical tumour diagnosis of carcinomas, in particular of unclear metastases and in precise classification and subtyping [1] . Because the epithelial tumours usually retain the keratin patterns of their normal epithelium of origin, it is necessary to know previously these patterns in the major normal epithelia and organs. Our immunohistochemical study provides, for the first time, information about the staining patterns of alpha-keratins in normal tissues from two reptile species: the bearded dragon, a very popular exotic pet species, and the loggerhead sea turtle, included in the Red List of the World Conservation Union as 'Vulnerable' [37] .
Conversely to the situation in mammals [5] [6] [7] [8] , there are no reports of immunohistological characterization of reptile SCCs. In the bearded dragon SCC, the distribution pattern of acidic alpha-keratin (AE1 positive) was different to that observed in the normal epidermis. All layers of the nests of neoplastic cells, particularly in those containing keratin pearls, showed intense reactivity with the AE1 antibody, suggesting that neoplastic cells overexpressed acidic alpha-keratins. In humans, overexpression of acidic alpha-keratin 17 has been reported in oral squamous cell carcinomas compared to normal mucosa [38] .
In both sea turtles the distribution pattern of alpha-keratins in the cutaneous tumours was similar to that observed in the normal epidermis of loggerheads and painted turtle [12] . While the AE1-positive keratins in mammalian epidermis that have been described are limited to the basal layer, those of painted turtles [12] and the loggerhead sea turtles reported here were less precisely localized but still limited to the most basal layers. The distribution pattern of 
